Traffic pollutant concentrations at the pedestrian level in a generic urban neighborhood were studied. Scenarios without and with avenue-trees were investigated with Computational Fluid Dynamics (CFD) by employing a Reynolds Stress Model (RSM) to which extra terms are added accounting for the effects of vegetation on the wind. The avenue-trees showed a significant impact on the traffic pollutant dispersion and flow fields in the street canyons and intersections. In the presence of trees, a faster build-up of concentrations was found for the wind-parallel streets. In the wind-perpendicular streets, considerably higher pollutant concentrations at the buildings' leeward walls were found.
Introduction
Previous studies have shown that avenue-trees in urban street canyons give rise to increased traffic pollutant concentrations, see e.g. Gromke and Ruck (2012) and references therein. In comparison to tree-free scenarios, significant local increases in concentrations of up to 300% were found. So far however, the impact of trees on pollutant dispersion was only addressed for the street canyon scale, but their effects on dispersion and air quality in a network of streets has still not received attention. To the best of the authors' knowledge, there exists only two studies in which the influence of avenue-trees in an arrangement of two intersecting street canyons was investigated (Buccolieri et al., 2011, Vos et al., in press) . To that end, traffic pollutant dispersion and concentrations in a generic urban neighborhood with avenue-trees were studied and compared to its tree-free counterpart scenario.
Method
A generic urban neighborhood consisting of 5 x 5 building blocks with dimensions of 90 m x 90 m x 30 m (L x W x H) and streets of 18 m width was investigated (Fig. 1) . Avenuetrees were positioned horizontally centered in all street canyons with crowns of 6 m width and 12 m height, starting 6 m above the street level. The computational domain size and boundary conditions were made such that the recommendations specified in Franke et al. (2007) and Tominaga et al. (2008) were fulfilled. Based on a grid sensitivity study, cubic cells with 1.5 m edge length were used to discretize the street canyons within the building array. Away from the building array, the grid was stretched by a factor of 1.2 resulting in a structured grid with 4.1 Mio cells.
The numerical simulations were performed with the Computational Fluid Dynamics (CFD) code ANSYS FLUENT 12.4.1 (ANSYS Inc., 2009). The implemented Reynolds Stress Model (RSM) with standard wall functions for near-wall treatment was applied to solve the steady state Reynolds-averaged Navier Stokes (RANS) equations. At the inlet boundary, vertical profiles for the streamwise mean velocity U, the turbulence kinetic energy k, and the dissipation rate according to Richards and Hoxey (1993) were imposed with an aerodynamic roughness length z 0 = 1.0 m and a friction velocity u * = 1.18 m/s, resulting in a approach flow velocity of U(H) = 10 m/s at building height H. A wall roughness k s = 0.01 m together with a roughness constant C s = 0.5 (corresponding to a roughness length z 0 = 0.0005 m, see Blocken et al., 2007) was assigned to the building surfaces and the streets inside the building array. More boundary conditions are provided in Fig. 1 . The crowns of the avenue-tress were defined as porous fluid zones in which additional terms accounting for the effects of vegetation on flow and turbulence according to Ayotte et al. (1999) were assigned. Avenuetrees with leaf area densities (LAD) of 1 m 2 /m 3 and 2 m 2 /m 3 (hereafter referred to as low and high density crown, respectively) were studied. A passive scalar was released from the entire street area within the building array by specifying a constant flux boundary condition. The dispersion calculations were performed with a turbulent Schmidt number Sc t = 1.0. Second order discretizations were applied throughout and the SIMPLE scheme was used for pressurevelocity coupling. Fig. 2 shows the normalized pollutant concentrations c + = c U(H) / Q (with c the scalar concentration, U(H) the undisturbed approach wind speed at building height H, and Q the scalar emission flux at the street surface) at 2 m above ground in the street network without trees (left) and with avenue-trees of low density crowns (right). In the wind-parallel street canyons, for both scenarios an initial build-up of traffic pollutants in streamwise direction followed by a decrease in concentrations at the end of the neighborhood is observed. The maximum concentrations are found in the wind-parallel street canyon row 4, showing similar peak values in the neighborhood without and with trees. However, whereas the maximum concentrations in the former occur in street section G4 close to the building wall, they occur in the intersection D4 in the tree scenario and affect larger spots. Moreover, in the downwind sections (G, H, I) considerably lower concentrations at the pedestrian level are found in the presence of avenue-trees. In the wind-perpendicular street canyons, the highest concentrations are, except in the outer canyons (row 1), observed in the canyon central parts with larger values close to the buildings' leeward walls. The scenario with trees shows the highest overall pollutant load in the second canyon row (D) with rather uniformly distributed concentrations, and lower overall pollutant levels in the following leeward streets. In contrary, the tree-free neighborhood exhibits a rather unchanging concentration pattern from the second canyon row (D) on. The scenario with the high density crowns (not shown here) exhibits overall a similar concentration pattern as the low density crown scenario. Fundamentally different flow characteristics at the pedestrian level around the intersection D4 for both scenarios are revealed in Fig. 3 . In the tree-free neighborhood, a flow along the wind-parallel street canyon which entrains air from the wind-perpendicular streets is found whereas in the presence of trees air flows with considerably smaller velocities from all canyons towards the intersection. Fig. 3 Velocity vector fields at intersection D4. Fig. 4 shows the normalized pollutant concentrations at 2 m above ground along a transect through the wind-perpendicular canyons at y/H = 0.0 and through the wind-parallel street at y/H = 1.8. In the wind-perpendicular street canyons (y/H = 0.0), characteristic differences between the neighborhood with and without avenue-trees become visible. The streets with trees show in comparison to the tree-free scenario significantly higher pollutant concentrations at the buildings' leeward walls which strongly decline over the street width, and lower concentrations at the windward walls. The street canyons without trees exhibit a more uniform distribution of concentrations with peaks in the middle of the canyon for the first and second canyon row B and D. It is interesting to note that in the street section D5 where an overall higher pollutant level is present for the neighborhood with trees, see Fig. 2 , the profile at y/H = 0.0 in Fig. 4 does not reflect this finding, but instead reveals higher concentrations for the tree-free scenario. In the wind-parallel street canyon (y/H = 1.8), the more rapid build-up of concentrations in the presence of avenue-trees is clearly visible. This build-up is more marked for the high density crowns, but the peak concentration is not affected by the crown density. 
Results and Discussions

Summary and Conclusions
The avenue-trees significantly altered the dispersion of traffic pollutants and flow characteristics at the pedestrian level in the street network of the studied urban neighborhood. In the case of trees, a faster build-up of concentrations in the wind-parallel street canyons was found, resulting in a windward shift of the location with the peak pollutant load, however, the avenue-trees did not affect the magnitude of the peak concentration in the neighborhood. In the central parts of the wind-perpendicular street canyons (row 5) increased concentrations at the buildings' leeward walls and, in general, decreased concentrations at the buildings' windward walls were observed. Also the flow field in the street network was fundamentally affected by the avenue-trees. At the intersection D4, a change of the flow regime and considerably lower wind speeds were found. The fact that the peak concentrations occurred in a wind-parallel street canyon and not in a wind-perpendicular canyon indicates the necessity to expand urban dispersion studies from the street canyon to the neighborhood scale.
